Microscopic measurement of inflammation in synovial tissue may be important in studies of clinical status, prognosis and response to treatment. The aim of this study was to compare quantitative microscopic analysis of inflammation with a semiquantitative grading system in rheumatoid arthritis (RA) synovial membrane. Knee synovial membrane samples from 16 patients with RA, including paired samples taken before and after treatment in nine patients, were immunostained with anti-CD68 and anti-CD3 monoclonal antibodies using standard techniques. The intensity of macrophage and T-lymphocyte infiltration was measured both by quantitative and semiquantitative techniques, and the results were compared. In a crosssectional comparison, both methods correlated significantly for lining layer macrophage infiltration, as well as sublining layer macrophage and T-cell infiltration. However, in some patients demonstrating a clinical response to treatment, semiquantitative analysis lacked sensitivity to biologically relevant changes in mononuclear cell infiltration. These observations have important implications for future studies of therapeutic modalities.
T abnormal pathological processes which may result in identifying changes in disease activity. Although a highly significant correlation was observed between the in joint destruction in rheumatoid arthritis (RA) include macrophage infiltration and hypertrophy of two scoring methods for lining and sublining macrophage infiltration and T-cell infiltration, quantitative the synovial lining layer, as well as mononuclear cell infiltration of the sublining layer [1] . Accurate analysis analysis was more sensitive to small, but biologically significant, changes. of synovial inflammation in the RA synovial membrane is essential when evaluating these processes and when METHODS assessing innovative treatment modalities. There are a Patients number of microscopic methods for assessing the paraKnee synovial biopsies were obtained from patients meters of synovial inflammation, including quantitative who fulfilled the 1987 American College of analysis [2] , semiquantitative analysis [3-9] and comRheumatology criteria for RA [12] and who were puter-assisted image analysis [10] . Quantitative anaenrolled in treatment studies using methotrexate, lysis involves systematic evaluation of each microscopic interleukin-10 (IL-10) infusion or placebo. Clinical field of tissue. This technique is painstaking and time assessment was performed on the day of the biopsy, consuming, although more recent studies have sugand consisted of patient and physician global scores gested that analysis of a limited number of microscopic of disease activity, as well as tender and swollen joint fields provides measures that are representative of the counts. Laboratory assessment included the C-reactive entire tissue area, thereby limiting the analysis time protein (CRP) level. [11] . Computer-assisted image analysis has been Biopsies were obtained either arthroscopically or increasingly used to assess some immunohistochemical using a Parker-Pearson needle [13] . Immediately after characteristics, and has the advantage of reproducibilharvesting, the synovial tissue was embedded in Tissue ity and the ability to assess accurately the density of a Tek optimum-cutting-temperature embedding medium stain (and thereby the concentration of the substance (Miles Inc. Diagnostic Division, Elkhart, IN, USA) being detected). It is also time consuming and requires and snap frozen and stored in liquid nitrogen. Serial specialized expensive equipment. Semiquantitative 5 mm cryosections were mounted on glass slides (Star analysis involves assigning one of a limited number Frost adhesive slides; Knittelgläser, Braunschweig, of scores and is relatively less time consuming than Germany), fixed in acetone at room temperature for detailed quantitative analysis. The present study com-10 min, air-dried overnight, wrapped in aluminium foil pared semiquantitative with quantitative assessment of and stored at −70°C until immunohistochemical T-cell and macrophage infiltration of RA synovial analysis. tissue, and analysed the sensitivity of both techniques (mAb) anti-CD3 (Leu-4) (Becton-Dickinson, San Jose, the Kruskal-Wallis test. Differences were considered to be significant at P < 0.05. CA, USA) which stained all T lymphocytes, and anti-CD68 which stained tissue macrophages. RESULTS Immunohistochemical labelling of synovial membranes was performed using a standard three-stage immunoTwenty-six synovial tissue samples were obtained from the knee joints of 16 patients with RA. In 10 peroxidase method. Before use, the slides were warmed to room temperature and air-dried. Between each step, patients there were paired samples: in nine patients from before and after treatment (methotrexate, IL-10 the slides were washed with Tris-buffered saline. The primary antibodies (diluted in 1% w/v bovine serum infusion or placebo), and in one patient biopsies were obtained simultaneously from both knees. albumin) were incubated for 60 min at room temperature. Horseradish peroxidase (HRP)-conjugated goat anti-mouse antibody (Dako, Glostrup, Denmark) was
Measurements of CD68+ cell infiltration Twenty-two biopsies were analysed for CD68+ cell incubated for 30 min, followed by HRP-conjugated swine anti-goat antibody ( Tago, Burlingame, CA, infiltration. For both the lining and sublining layers, the range of semiquantitative scores was 1-4. The USA) for 30 min. Enzyme activity was detected using hydrogen peroxide as substrate and amino ethylcarbarange of quantitative values obtained was 43-786 cells/mm2 for lining layer CD68+ cells and 24-634 zole (Sigma, St Louis, MO, USA) as dye. Nuclear counterstaining was performed with Mayer's haemacells/mm2 for sublining CD68+ cells. Figure 1 demonstrates highly significant correlations between the two toxylin (Merck, Darmstadt, Germany) and mounted in Kaiser's glycerol gelatin (Merck). Negative controls scoring methods for both the lining layer CD68+ cell scores (Spearman rank correlation coefficient included omission of primary antibodies or the application of irrelevant isotype-specific antibodies.
r s = 0.86, P = 0.0001; Fig. 1a ) and the sublining layer CD68+ cell scores (r s = 0.82, P = 0.0002; Fig. 1b ). When the semiquantitative variables were categorized
Analysis of synovial tissue
The sections were coded and randomly analysed by with a score of 1 = category 1 and score 2 = category 2, and so forth, and analysed using the Kruskal-Wallis blinded observers. They were scored according to two different methods. Quantitative analysis was performed test, there was also a significant correlation between both scoring methods (H = 16.3, P = 0.001 for lining by a blinded single observer (PY ) as previously described [2] . All sections were examined under ×400
CD68 and H = 14.5, P = 0.002 for sublining CD68 expression). It was observed that each increment magnification using a 1 mm graticule. All high-power fields were included in the analysis. In the lining layer, in semiquantitative scoring was associated with an increment in the mean quantitative scores ( Table I ) . the number of CD68+ cells was counted up to a maximum of 300 cells/section. Measurements of However, there was overlap between ranges of the quantitative scores represented by the various CD68+ and CD3+ infiltration in the synovial sublining layer were also performed by using a graticule and semiquantitative scores, especially for the semiquantitative scores 1 and 2 ( Table I and Fig. 1a and b ). examining every high-power field of the sublining layer from each patient. The number of positively stained cells was recorded in every high-power field. Mean
Measurements of CD3+ cell infiltration Twenty-one biopsies were analysed for CD3+ cell values for each patient were derived from all measurements for that patient. Lining and sublining cell counts infiltration. The range of semiquantitative scores was 1-4 and the range for quantitative scores was 58-1501 were expressed as the mean count per square millimetre by multiplying by a conversion factor of 0.0625−1. The cells/mm2. A highly significant correlation between the two scoring methods was observed (r s = 0.90, intraobserver variability was <5% (data not shown).
Semiquantitative analysis was performed as previ-P = 0.0001; Fig. 1c ). When the semiquantitative variables were categorized and analysed using the Kruskalously described [3-6 ]. Lining CD68 and sublining CD68 and CD3 expression were scored on a five-point Wallis test, a significant correlation between both scoring methods persisted (H = 16.3, P = 0.001). It was scale of 0-4 by two blinded observers ( TJMS and PPT ) who were unaware of the clinical details. A score observed that each increment in semiquantitative scoring was associated with an increment in the mean of zero represented no or minimal infiltration, while a score of four represented intense infiltration. Scoring quantitative scores ( Table I ) . However, there was overlapping of the quantitative scores in different semiquanby the two observers was identical or differed by one point. These small differences were resolved by titative categories, especially for scores of 2 and 3 ( Table I and Fig. 1c) . conference.
Statistical analysis
Sensitivity to change of quantitative and semiquantitative methods Results are given as the mean and range of scores. StatviewSE +Graphics statistical software (Abacus The sensitivity to change of both measurement methods was evaluated by analysing biopsy samples Concepts, Berkeley, CA, USA) was used. Correlations were determined using Spearman's correlation coeffitaken before and after treatment in nine patients ( Table II ) . Patients 1-6 demonstrated clinical improvecient (r s ). After categorization of the semiquantitative variables, correlations were further determined using ment, reflected by a reduction in the CRP values. In b  286  2  229  2  133  1  4  2a  447  3  491  3  1420  4  127  b  400  3  325  3  1122  4  50  3a  710  4  543  3  ND  ND  12  b  285  1  191  1  ND  ND  4  4a  418  3  332  2  ND  ND  75  b  365  2  255  2  ND  ND  38  5a  ND  ND  ND  ND  1501  4  130  b  N D  N D  N D  N D  2 5 8  2  5 2  6a  272  1  332  2  ND  ND  42  b  110  1  186  2  ND  ND  28  7a  203  2  115  2  66  1  79  b  221  2  136  2  103  1  83  8a  ND  ND  ND  ND  530  2  93  b  N D  N D  N D  N D  4 2 6  2  9 2  9a  43  1  24  1  80  1  26  b  245  1  142  2  113  2  25 ND, not determined. *Each patient had two biopsies: (a) is the pre-treatment biopsy and (b) the post-treatment biopsy.
patients 1-5, the clinical response also included reducpossible, it is unlikely that such small changes are the direct cause of the clinical improvement. It is more tions in patient and physician global scores. The remaining three patients (numbers 7-9; Table II ) failed likely that these smaller changes in mononuclear cell numbers reflect changes in mononuclear cell function to demonstrate a clinical response, with no change in serial CRP values or other clinical scores. In five of and the expression of proinflammatory mediators and cell adhesion molecules both by mononuclear cells and the six patients who improved clinically, serial measurements of CD68+ cell infiltration were available. perhaps other cells in the synovial lining. It appears from this study that semiquantitative analysis may Reductions in CD68+ cell counts in both the lining and sublining layers were observed in all following underestimate or fail to identify therapeutic effects. Thus, in five patients who demonstrated a clinical quantitative analysis, but in only two and three patients, respectively, following semiquantitative anaresponse to treatment, reflected by a significant fall in serum CRP levels as well as physician and patient lysis. Semiquantitative scoring was sensitive enough to detect reductions of 74, 60 and 13% in CD68+ lining global scores, semiquantitative analysis failed to demonstrate a reduction in the number of lining layer layer cell counts (patients 1, 3 and 4, respectively), but not reductions of 11 and 60% (patients 2 and 6, CD68+ cells in two patients and in sublining layer CD68+ cells in three patients, whereas all these respectively). Semiquantitative scoring was sensitive enough to detect reductions of 64 and 65% in CD68+ patients had reductions in CD68+ cells when analysed quantitatively. Although the numbers of patients in sublining layer cell counts (patients 1 and 3, respectively), but not reductions of 34, 23 and 44% (patients this study are small, the findings indicate that reductions in T cells, macrophages and other inflammatory 2, 4 and 6, respectively), even though these smaller reductions appeared to be biologically relevant as they parameters, demonstrated using semiquantitative grading systems in previous studies on the effects of antiwere associated with clinical improvement. The decreased sensitivity appeared to be greatest when CD4 antibodies [3] and anti-tumour necrosis factor alpha antibodies [4] , are likely to be relatively conserassigning the intermediate scores of 2 and 3.
Serial measurements of CD3+ cell infiltration were vative and may even have underestimated the effects of these treatments. It has been demonstrated that available in three patients who improved clinically ( Table II ) 
